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[SdR^i mm 

0001 

immmm 2001.05.02 

[^XHI^MW] G02B 

[^go| gg] sfSMt q§»9 iui g^s si s*i 

[g*asi asasi monitoring method and apparatus for wavelength divisio 

MULTIPLEXED OPTICAL SIGNAL 

[asi M&sft ^^isiAf 

[SS°I3EE] 1-1998-104271-3 
[CHBI2!] 

[£8] OI2i^ 

[ LH £l 2J 3 H 1 9-1 998-000339-8 

[Sgo|oj-=L£ S ] 1999-006038-0 

[3 321 ^SHJI] St 43 2! 

[&32I a^H^I] PARK, Sung Jin 

[^£JM£!s] 730714-1481613 

790-784 

afe^SE SHAI fe^ i»§ 5&g^CH^m Siimil- 
R2S|] KR 
[tttaft] 

usaei ^^h^i] s^af 

[g8°l §°fi]|] KIM.Seong Ha 

[^EJ#^S!s] 681105-1057915 

[^^bj^] 442-741 

[^^i sjis ^^jai mm=? ss§ 1052-2 stsots ^eom^ 

242§ 120 4S 
[^3] KR 

[at a xt] 
[£a°i ^hjii 

[&a°l SSfi^ll S0NG,Kwan Woong 
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[;ie§£!g] 

[SMI] 
[S^AiW] 



710502-1066619 
156-802 

AiS^AI t^5i1§ 214-130 5/3 

KR 

§^ 

XII42£°I ^§011 o|& fiij, n^S HI60£°I ^§ 

oil eis ggjAjA^ s m=?muct. cHdisj 

012^ (2J) 



20 
24 
0 



2 



12 S 
546,000 

1. a^Ai- SAilAi(£E9)_1 



29,000 
24,000 & 
0 §! 
493,000 
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[ASM] 

£ ^ofl nj-s. 4^^- tj-^s^ MJlsI tij-^^, sj-^t ^]7l §lf q- 
4#£-^: q#s)-€ #41Jl4- ^SRr 4^4; 91?}$. ^ q-e|- 4 

f^lit ^#^1 <#7] %413l3 3*11 4# tfl<*H ;g*M ^ 

ofl rcj-s- %^7l ^Efl£f £#*Rr 4^4: ^-71 *fll * ^12 7}^%S] 7}^Q ^ 
*fl2 71$ 4 ; 9-#4, >^7l *fll ^ *)l2 7]^ 4#ofl 4^ *H2 71 § ^-§-#<&°.5- 

^e! ^ *1<SH1 ^ A d1 4## SL#*m 4^4; #7l ^ ^£1- 

^1^ 4^4; # 7 j 3=^ ^ ^ eA] .^ 1-^^^- i^-s:>7l 

£L^€ 4## S.#*Rr 4^* 3.^4. 

[tflas] 

£ 3 

[A^Olol] 
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5)-^-^-^- tJ-^3*€ ^"^1^^ H <^ 31 {MONITORING METHOD AND APPARATUS 

FOR WAVELENGTH DIVISION MULTIPLEXED OPTICAL SIGNAL} 



#r£i& -Ml 

51 3-^ ^ tiV^^ifl; >*UHH rt}^- 3XH*V«^- %*13L2) 

1- M-^ifl^ 51^, 

5L 4^ 5L 3^1 5L*m ^Is. ^S] # M-EHm 

51 5^ 51 4°f| 5LA]^ -gE^ 2}-^^ M-E^-u^ 

51 6^r 51 3^1 5LA]sl n^Hg -<0Jl1- M-E}^^ , 

51 7^: 51 6^1 SLA]^ ^11 til^i^ H^^* 5L#S}7l ^ tb M-^tt 

51*1, 

51 8-^ 51 7^1 SLA]^ ^E^ A]^. ^ 32^ q-E^-vfl^ *#51 ( 

51 9^ 51 8°fl S.*]& s}-^- ZLSfl^ a]js ^jflS ^S>7] ^tb 51*3, 

51 10-8: 51 6°fl 51*1^ *fl2 il^^g- 5L#s>7l ^ *V Al^tfl-g- 14 Ef^ £ 
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£ 12^r Hr^l *fl2 4^- zLgflss]- ^ e^>^ ^efl 

S. 13afe fi^l^ ^7l# ol-g-*H ^€ s|-^f ^g- cf^sl-sl ^Jro] sfxv 
^ 41 7l fit M-e}-^ £<?t, 

£ 14a^r £ 13a #4lJL» ^ e^>t!r sf^ f£t ^ifl^ 

£«. 

£ 14bfe £ 13a Hl-a^ ^-f ^ 4^ °fl^ fit M" 

JE 14cf 5. 13a E^IS ^2 ^1^^ -4^ fit M" 

[^0} 4fi5}±r 7]^f o> ^ ZL f 0)0} ^Efl 7 ]^] 
<i8> m}-^ sj-^f if- t}^ ^^^l Ali^ (wavelength division multiplexing 

optical communication systemHH ?A°-£-*] , ^] ^i^H ^i#5]f 4 

« tf#£Ha t^lst #*l*Hr ^ £ 
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<19> s}-^^ A]i^ o. ^ (channel) fS ^€ 

1- **fl ^ Jl^t ^ &&*&°) -<Hr*H 2^^r $13 3! internet H £s] 

^ojjl o^cf. ol xrfl, #71 4^1: t^S*€ ^Rl^ ^ E) 6fl n}sH ^S)£ S 

< 20 > ^2flo| tj.*^ f^H ^-^ o. ^ E-) (fiber 

Fabry-Perot)!- °l-§-*b #A]jr «-2)7> ^fl^o] ^-^}y] nfl-g- 

<21> i 1^ ^Efl^ Bj-^^- Ml^l ^-Al 7fl^ SLS. M-B)-^ £^o] 

cf. £ Htt ^-a-(HO), sfltLEl-sfl* ^(130), #3*^(150), o}^3.ZL/v]x)% # 
^-(analog/digital converter, 160), *1H^(170), ^ H/o}^:n. 
(digital/analog converter, 180) ^ ^ ^-*f (filter driver, 190)7} 

<22> Aj- 7 ] ^^-(110) xJi\S. #^]JL(120)7> Aj-7] ^31(120)^ s}-^^- 

^5r^ #Aljr( 12 2)<4 1 ^ ^12 71^(124 ^ 126) 

<23> Aj-7] Sflti.e)-^^. ^(130)^7 ^d^^^-S. «y7>£l^ ^ ^^(195)^1 rc)-EH 

¥4 ^S|^4. ^, ^7l 3flti.El-2)l^- ^EKl30)fe ^ ^<3-ofl rfl^H 

^ s}-^ -f- 4-^1 71^ zi ols>]5] S}-^ 7>x)^- ^-Aij:^ ^a^xI 

SHrt}. ^"71 3Ha.E)-3H^ ^Ei(130Hl ^H)^ ^ #^(195)°] ^tg^o.^. ^7>^S 
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JgL, #7l €3(130)3 ^ %x}^SL£. ^7\^\A} ^nf. 

<24> # 7 1 ^^#^-(150)^ #7l 2)ltLel-2)l* ^^(130)S^-Ei ^S]^ 3}-^-^:^- 

3Hd 51(140)1- ^# ^1^1(155)5. 

<25> # 7 ] o>iJ-s.zl/c1x1^ £^(160)^ #7l o}^3.=L ^1 51 (155)1" ^lt % 

^# 4131(165)5. #^t!-i=k 

<26> # 7 1 ^Xl^/O^SZL ^^71(180)^ #7l ^M^C 170) 5.^3 ^S)^ ^ 

^ 4} 3 (175)1- o>^-s.H ^ ^1^(185)^ t^th}. 

<27> # 7 ] ^E-} (190)^ #7l a}^5LZL ^ #3.(185H1 ^ ^°d-(195)^: 

#7l 3llti.E)-3ll* €eK130)°11 917}^. 

<28> ^c^w-(170)^ #71 t^IU ^ ^151(175)1- #7l o>^zi/ii|^ 

^ ^-¥-(160)5^ r^l^ a]s(165)» <y^«Hrtf. 5&th # 7 1 

^11 ^ ^2 71^(124 ^ 126)3 *fll ^ *fl2 7l^ 3)-#;4, #7l clx]^ ^ljr 
(165)5^ 433^ ^"71 *Ul ^ ^12 7l§ J^dfl *fl^Rr *fll ^ ^12 7l$ ^ # 
^^^-Ei A}^ eA^-g; #71 *lH^-(170)^r #71 ^ ol-g-^<^ 

#71 ^^#(122)31 ^#1-^: ^^§>7ll ^cf. 

<29> £ 2-£- £ H £Al^ f^ft 5llti.sl-i£ll^: ^(130)3 4^H1 cfl*lr ^ e 

A}2} 2)-# ZL2flS(210)4 ^1 ^4 4# ZLeflS(220)l- M-El-uH^ 5L<golcf . x^l^ «} 

3" ^"71 ^y^,.^ ^BldSQ)^ ^ ^oj-^ ^ 3=^. 4^.0. A^^o. 

5 < ?]7>Sl^ ^^(195)^1 wl^^o.^. ^Sj-^-t}. 5&th ^Efl5l # 

*1 #*1^ ^4 4# Zl2flS(220)l- £^1^ wl-51- ^-ol 21^^ ZLSfl^(210) 
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4^-0. ^. 7] ± ^ ^ ^01 vflofl 7]^^^ £ *fl2 7l§ S|-#(Xi 

^ X 2 )4, ^"71 ^11 ^ *fl2 7]^ 4^(Xi ^ X 2 )^ ^ A}2 7l§ ^-^(Vi 

^ V 2 )* °l-g-*H e^^- -g^JI, #7l ^Ml 2}-^ ^12flS(220)l- #71 ^ 

e*}^ n2fls(2io)^s e^>^ A o v 7] ^ *}7i 

<^T«H l>°fl 5*^. 
<30> [^4)-Al 1] 



lr<H, ^"71 ^-6- ^tL^-sll^ ^Ei(130)^l ^13 ^ ^^(V 3 )^: 9l7}^ ^-*H ^ 

Mi7} ^#51^4^, #71 ^ ^SSl ^ ^13 ^4 ^(Xs)^^^ 1:^- 

<32> 7j-ol ( ^5flo} ^ El# o] ^^ ^ ^ m 

3^4^ -^1^1 5^. ^T, #efl^ ^-B" 5H«E]-5ll^ ^E-H- o]-g-^V #AlJr #A] # 




(v-F 1 )+X 1 



<31> 



<^7HH, x ^ A}^ ^A>5J Sj-^Voljl, v^r #7l X<>11 ^r€€ ^11" 
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<33> ^ ^-B" 5HW.^-5H* ^E-l^ ^ ^oj-^ s).^- 

2.7} 7}*)±r Ji^^ 4^1 4^3^ ^^Ml 

<34> ^1-71 ^-§: ^^}7l f ^oll 4#f-^ Cf^S)-^ ol^ ^A]JrO| 

<35> M}7) flf M-E^^^r 4# i^jM^ -*HM <#7l <g ^ <££°11 ^ 

*l*Rr *f|l ^ *)12 71 ^^-^r ^-71 4#Sl-€ ^*Hr 4^4; 

<36> ol 7 >^ ^ &<&c>\} 4^ 4^°1 ^*>fe ^^o]] AV 7 ] ^^-^ ^Jl* «g 

<37> ^E-lS-^-Ei #33^ ^*1JL» ^#^1 44 A J"7l ^^HeI ^*1Jl4 2f 

# 31 4€- M7l neflHl- 5L#*Rr 4*34; 

<38> #7] *fll ^ ^12 7l§^-^ 7l^^§^ *Ul ^ ^12 7l§ 4#4, ^"71 *fll ^ ^2 7l 

§ 4# 6 fl 4^ ^11 ^ 7^12 7l§ ^#$\2.3.JM ^ ^ofl 4^ e4€ 4 

^ £#*>^ 4*34; 

<39> 4I-7I ^E^ 3=^ 4^ ^- 7l 4^ ^.o^s. ^^ 7 ] <^fl 7}^ 

€ il^^Hl ^ ^^*>^ *l*i^ iL*<m 4#* £#*}^r 4*3* 

*4. 

<40> Stir, ^ ^ofl 14^ 4^>f-^- 4#4^1 #*1Jl£| *M "J-^^r, 

<41> Sj-^-f ^71 fit 44^TT 4# i^EEj ^ofl^ ^1-71 4#^ 4^€ 
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<££°11 ^ *1 *)]1 ^ *fl2 7}^%% ^7) J^-g^ ^HdJ:^ €^*Kr 

<42> o] 7 >^ ^ 3l<SHl nq-sl- zz. Jf-4 sj-^-oi ^e^i ^tg-g Mil ^ 

<43> ^-7] llEiS.-^ #^3^ Mil ^#^1 ^7} #^]J>^ 3} 

<44> #7] *fll ^ ^12 71^^-1-^ 7l^^^ *fll ^ *fl2 7]^ SHM, *fll ^ ^12 

7l§ ^Hl *fli ^ ^112 7]§ ^^oj^Ei ^ ^<y-ofl e^m 

<45> ^-71 ^B]^ ^ #*l^Hr 4^^-; 

<46> 4I-7) ^gE^ ^ ^>7l ^ -E-Al-Sl 4^ J±#*>7} ^«fl 7]^ 

<47> C^O] , ^t^oll 4^ ^-^1^3] ^-A] ^1^-, 

<48> 4^ ^7l ^if M-E}^^r 4^ ^Hl^1 ^7l S>^«" #41 

Jl<^ ^1 ^*l*Hr ¥ 7}^% A ^7} A^^r %^5L^ ^<5Rr M^7l 

<49> #7} %^7)S.!fK\ #A151 ^ ^^-ofl 145} 

<50> ol^^ ^ Al^ofl ttj-S^ ^d^^O.S <£2H5l^r ^ ^"71 ^Eiofl ^*Kr 
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<52> # 7 1 ^E-|o] ^ ^5L# #*|aH, ZL ^ ^r£« M^TT ^51 #*1 ^ 

<53> #71 #2. ^ ^51 Ajlf ol ^ # 7 ] 3|E-| ^^-ofl ^ 

♦ #^*>JL, #71 ^ 1 ^ *fl2 7l$%^l 71^^^ afll ^ A)2 71 § ^-^-jq- #71 *fll ^ 

^2 7l§ s)-#oll ^ ^12 71 § ^^^^-o.S-^-El ^ ^<y-<Hl n}€- ^d<§ 

€ ^-a- £#*>^, A o v 7i ^e^ bj.#jzi- #71 e^m 1-^*1 « a.^- 

^>7l fl^H 7l^^§^ Hl^^ 3|-# ^^ofl ^ ^ #7l ^E^ ^ ££-1. Cflol 

«H wl^^ 5}-#^- 51#S>^ ^H^-# S^tf. 

[^^1 ^# #-g-] 

<54> ol^> wvrgofl ol-S. tifeJ-2]fV -^H» >*M|*1 ^^W. 

*}7l <M<*IHfe ^l^o] ^ ^ ^ *HJ-#<>1 q-Efu^jl ol^oll ^ 

jicj. ^til-^Ol oltfl* §71 ^ olE^V S.^ A>#=-ol ^ 

^Sl «^ ifloflA-1 ^^oiq- ^£ ^^ol ol=ol^ - ol o.^ ol 7l#^H^1 * 

#ol 7M 7Hl7im ^olcf. 

<55> 51 3£r ^^l y]-^-3i*v ^AHlo]l nf^ 3|- i=B^€ #*1 ^1 

1- M-El-vfl^ Sl^olcf. 51 3^1fe ^-^-^(350)4, ^-(310)4, *fll, ^12 ^ *fl3 7l 
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(coupler, 320, 324 ^ 328)2}-, XI 1 ^ Xl2 «-2fl^L ^^V(fiber Bragg 

grating, 330 ^ 335)2}-, X]tLe]-sll* ^e^(355)^, ^£ 385)2}-, #3 #^(360) 

2}-, °\i£3,3L/t\z\% ^^(365)2f, ^x]^/o}^^zl ^§^-(375)^, €3 ^^(380) 
£h Xl<H-¥-(370)S. ^€^r. 

<56> ^- 7 ) ^0.(350) xJj\S_ 4^5}"^ ^S(301)7> ^S}^, #7l S^V-g^ 

<57> #71 #^-^(310)^ >8-7l ^^1^(301)1- #^>JL, ^71 ^ 

^-(310)5.^ ^9-8- *>£*l| ^ ^-7] ^-n- 

^-S.^ ^#^7> ^ -^-(Erbium doped fiber), HeMl-S-* ^7> 3H3-fKPr doped fiber) 

<58> >y- 7 | X| i 71 # si (320)^ XI 1 ^7fs ^"71 4^^- Ms(302)» ^^«> 

jl, XI 2 ^7>S. #7] 4^^- T=r^2f^ #4lJL(302)2} 90%# X13 ^*>3. ^> 

71 c^sj-^ #4lJi(302)2} 10%# #^tb^f. 

<59> ^-7] X12 ?}#&K324)^r XU s}-#^ ^3-^ #^1Jl(302)-I- Xl2 

#7>5. ^7l X]2 i£x}3, X]l ^ Xl2 7l§^-(344 ^ 348)^- Xl3 #7} 

<eo> #7] XU ti-Hfln ^7>(330)^ #7] X12 7}#5K324)2} X12 

€ ^J-S-i^ ^-a]s(302)^^ XI 1 7l§ 7^^ XI 1 7l§^-(344)* «U> 

<6i> ^-71 XI 1 ^-B- ^7]-(330)^- i§*l€ X12 }L$\ZL ^7}-(335) 
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tt Till #^o_ yj| 3 25 330)5. Y^i ^^Itt 4^1" *=B^€ ^S(302)«H1 

*1 *fl2 7]^ a^-fr 7f^l^ ^2 71 §^-(348)* ^>*b^. 

<62> ^3 ^#^(328)^ *lll ^7>S ^^5]^ ^-7] 4^^" 4^5}"^ #^1Jl(304) 

^ 10%^}-, ^Hl3 ^VS. ^ ^5l^r ^-71 ^1 ^ ^]2 71^^(344 ^ 348)^1 90%# €^*>^ 

H %^ls(305)l- *fl2 #*}5. 

<63> A o v 7 ] ^(355)^ #7l ^]3 t!#eK 328)^1 ^2 ^VS^-E^ ^ 

^ ^51(305)1- ^dl^Ai <?17}-S]ir ^ ^<&(382H1 tcf^Ai O.S. ^o^m 

<64> £r51 #^(385)^ ^-71 311 «- €B] (355)^1 ^ 

21-* ^r£# M-El-vH^ ^] 51(387)* ^71 ^H^-(370)S #3^. 

<65> #^#^-(360)^ #71 5imel-5|l* ^(355)5.^ ^^"^ %H2L 

(306)1- ^SZL ^]Jl(362)S. #^4. A o v 7l ^-^#-¥-(360)5^ 11 

nM _2-E.(photodiode)i4- CCD ^Hl^K charge coupled devices camera)* *}-%-lk 4 1 9X^. 



<66> a o v 7 ] of^zL/cl^l^ ^^-(365)^ ^>7l ^1J1(362)1- ^*]ig # 

^# ^1Jl(367)3. 

<67> cl^)^/of^^Zl £^(375)ir ^"71 *1H ^( 370)5. ^ ^ ^ ^ 

-g- ^1^(372)1- 6>^-SH ^ ^151(377)5. #^t!:tf. 

<68> $-7} ^Ei ^^«.(380)^ °}^3.ZL ^ a!Jl(377H1 ^ ^^(382)^: 
#7l sime)-5|l^. ^El (355)^11 917}^. 
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<69> #7l ^<H-^(370)^- <#7] ^ a]^(372)1- #7l r)x]Tg/o}^£_n. 

(375)5. %^}*), #7} o}^£_zl/v)x]^ ^^(3 65 )^b\ v]x}% ^1S(367)# 

<70> s. 4^r £ 3°fl ^1^^(370)^ ^e) M-^^- 5=*1 

^ w}^ ^o], # 7 1 ji^ (410)4, wl^i^ ^.^ £E ^Sj 4^(430)4, 

^ 4^(434 JE^ 438)4, *fll «l<d<8 iL^M 4*j (440)4, *fl2 «1 

-idH iL^H S# 4^(470)°-S ^€4. 

<7i> 5. 5^ S. 4^1 %Ei^ 4^(410)^: H"^^ jLf-£o]c}. # 7 1 

^11 ^fsH ^(Fourier conversion, 414) 4*^, *H2 ^^l 4*3(418)4, 
2- ^ (noise estimation, 420) 4*3 ^ ?il:^-^(convolut ion, 424) 4*3 ^ ^^r^Hl 
^( inverse Fourier conversion, 428) 4*3-^-5. ^3 ^4. #7l sle)^ 4*3(410)£r 
^1^^(370)5 x^xl^ ^1Jl(367HH ^ol^§ ^7l*>7l ^Jojcf. 

<72> #71 afll ^eHl ig^- 4^(414)^ ^H3-R- 5)1^.^-511^ ^EK355)« q-El-ifl^ 

^r(h)S ^&H1 £:&SRr 4*3°14. °l^tr 2f*3°ll 4*^, ^FeHl #^-§- 
^r(H)7> <*o^4. 

<73> #7] ^2 ^sHl ^ 4*3 (418)^: #7l t^lH -i]:i> (367)<HH sj-^^- i=f 

#AlJr f"^(G)7> <2<^cf. 
<74> #7l i^ol^ ^ 4*3(420)£r #71 4^1^ M# ^1Jl(367HH #71 S)-^^ 

^j=)<H M-^ri-Hr 2*^1 S« *\}7]f>\7} Sin h^o)^ ^§*Kq)» ^o] 
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<75> S. S. 3°fl ^^1^ ^!Jl(367)1- M-B]-^^ £ 6^1 2}- 

^31^ ZLeflS°Vol S.X\g\6) clef. AV 7 ] ^uflnofli*. tj-f^ 
€ ^Ul^, #7l 3X|- ^-^-^ ##Jl<H1 M-^^ ^0^7} 5.^5]^ 

5U^. ^, -*7l 4^^" ^#3^ ^IJ^ -M|7l(A)fe ^71 ^o]^o] ^7l(B)7> 
471 o]cf. 

<76> t}A] £ 55. fo^H, ^-7] 2}-^(424)^ °l*i ^^^1 

£«r^ ^(H)^, ^BHl ^IJL ^(G)$h ^°1^ ^*l(q)» o]%f>} 

4*<H^. °1 3 *> 4^1 , til-^^S %*\3L ^(F)7> <y^x] 

4. 

<77> Q^sH 4-^(428)^- #7} ^H-f^ ^(F)» 

^^1^. °H1 ^5H1 #*1JL ^r(f), ^ h=.o]Z,7} 4 

7^ ^HdJL ^7} <£o]^v±. 

<78> cfAl £ 45. fo}7H, JSL^ 5-E. ^ ^(430)£r *fll ^ 

S.B. ^ ^2 wl^d^ J±^ 5.= ^ t> 2. = * 'd^}^ ^<>14. A J-7l *fll «1-*}^ iL^j 
3J=<4 ^12 al^d^ J£>3 S-H.^ ^>o]^^- s\]M.^-n^ (355)°fl tfl^V ^4 sj- 

<79> #71 afll til^l^ iL^ 2-!=^ *\*§ ^^(434)^1-, ^11 ai-an j±^*l 

4^(440)^-5. -iM^t)-. 
<80> #71 4-^(434)^- *l]l ^ *ll2 7l§^-(344 3l 348)^1 *fll ^ ^12 
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7}^ 4#(Xi ^ X 2 )4, ^ ^2 7|§ ^HXi ^ X 2 H1 *r Al ^ *fl2 7] 

^ ^^(Vi ^ V 2 )# *l-§-^ <^r^ l>°fl w><4 ^ 

<8i> #71 *fll i^Ai 021-^(440)^ ^1-71 <^*M 1>^H ^fl*!^ *\*g e 

^(x)# «H P M (x)* ol-g-tb *U «1#*§ iL^* ^Kr 

cf. 5E*h ^7] m iL^^Hl *HE- ^ (Vi, Xi)4 (V 2 , X 2 )» 

<82> [<^fl^ 2 ] 

M 

< y=x+(x-X 1 )(x-X 2 ) 2 a^ w =x+(x-X 1 )(x-X 2 )P M (x) 

<83> ^7HH, y ^ a m £r m*} «l>*d*8 Tjl^olrf. ufl f AJ- 

71 P M (x)^ dM^i* #sfl ^sfl*H, #7] P M (x)# ^*Vcf^ ^ ^ a m # 

<84> £ 7^ £ 6<^1 -E^l€ *fll J±^-|r £#^>7l M-Ef^^- S.^ 

ojcf. £ 7*11 AlMjf s)-^ -^^71(510)^, £ 3°fl ^-^1(390) 
^^1(520)3- ^^cf. 

<85> #7] S.^ ^ ^^71(510)^ #71 (390)3. MJlSI sj- 

^-*i(z)» ^-71 ^^Ei (520)5. #^tb4. 
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<86> #7l ^-^1(390)^ ^7} if Mif ^^^H e 

A>Aiofl cfl*b ^i(x)# ^"71 5*^(520)5. 

<8 7> <#7) ^^-^(520)^" ^e] 7| ^ A-| Aj-7l S § s^V ZL2fl^2f 7}- 

<88> £ 8£r £ 7^1 iAjsl ^ffEi (520)^1 A}^ ^ E] ^-fr M-Ef^ ^-7] 

^IJl ^E) azf^^ a$ c-flolBl ^-g- ^1(448)^-, P M (x)« ##*Hr #31 

(450)^-, ^aflH. wlin ^-^1(454)^, Sl*} #711(458)3. ^-^^4- i&^h 

M^-g; IS 41^1-^(444), ^ls^V ^7]^ oi^^. ^ ^ oicf. 

<89> S § HjolEi i^*Rr c^7jl(448)fe ^ Sj-^Kx)^, SpJ" 

^ {(x 0) z 0 ), (x 1; zi), -, (x K , z K )}* *J^*Rr #7flo]c}-. ol nfl, Aj. 7 ] K ^ (M+l)4 

<90> Aj-7] P M (x)» ^V#*m #31(450)^ Aj- 7 1 V%o]B) Oj-g-s}^ p M ( x ), ^ 

^71 <^Al 2>oflA^ a m ^: 4i#*Hr #3H4-. 
<9i> [^4)-Ai 3] 

Z 0 -X 0 

(x 0 -JC l )(x 0 -X 2 ) 

Z K~ X K 

(x K -X l )(x K -X 2 ) i 
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<92> 



la ) 
"o 




• 




• 

\ M ) 





2 

'0 X 0 



0 



1 2 .., M 



1 

1 



z o~ x o 



<93> 



<94> 



<95> 



z i" x i 
(x.-X.X*,-^) 

• 
• 

^•71 <^*^ 3>°1H <2<H2l a m # 2>^1 tfl^}a} afli *)#ig 

#3l(458)^r ^>7l ti]^^ 4^" ^.eflssq- ^71 nefls.^ *M 

SL*} *l-g- 7]^<*H ^^CfTg £ g6\] i=A]sl yj-sf ^-o) m^- 1^ ^7>Alfl * 

(460) T}*1 ^7] cflo]E^ ^-g. #7fl(448)S c»l^*>7fl ^cf. 

£ 9-b £ 8^1 i^l^ sj-^V ZL2flS alia i£ 7fl(454)-I- ^^s>7l S^cjcf. £ 

9^1^ *m sj-^- ZLEfl^sf, M=39l *fll til^l^ ^ M=4°l *fll 

57f IE^sH ojcf. S.*)Q «>sf ^ol, m=3°1 *fll til^ J£3€ *W HHflSJiLt}^ 

M=4°l *fll ti]^^ Ji*^ 4-^- -Z-2flH7> #71 4^" ^EflS^l 5-^*>^. SEtK 

£ ^-^-°fl, £ 8<H1 ti>fif ^o] M-i: 1^ #7>a]^1 ^(460) t}X| ^ 
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7) -g^SHr #31(448)3 - fltj.. 

<96> ZL44, £44 44 ^-o] m=5^1 *fll 4^ ^4 4^ H2fll^ M=4<?1 4ll 4^ 

^ il^4 4# ^2flH4 4 €■ -2-4* 7>44. ol^*}. Tj-fofl, SL 8<>11 5144 
cflXjfe. Jf*V ^(endless loop)7> ^JE &4. 444, £ 84^r M=b+l°I 

41 1 4^ iL^4 44" ^4^4 .2.471- .2.4 ^-§-41- 2:4^4 ^-4°fl M=b^l 4l «1 
4«§ J±44 44" ^-HflS^ ^.^Cf # 7$^d\] M o] h o) &-Qr 7 ^l£f -£44^4 ^S. 
1- &4. 5E^, £ 8*114 .2.4 ^-g- ^ #4(458H4 4^44 .£.4 ^ 

-Ml* ^44^r44 4-¥-# ^14^ 44<Hl ^4^1 7^1 ti]^ ^.^^ 4^ ^-Hfl^4 

^£ &4. 

<97> cfA] £ 43. fol-7H, #4 ^]2 44^ J±4 4^ e44 £.# 44(438) 

4, A2 «14^ iL44 i# 44(470)JL3. ^444. 
<98> ^>7l e44 44(438)^: 4l ^ 4l2 4^4(344 ^ 348)4 4U ^ 42 

7)^ 44(x x £ x 2 )4, #4 *fli ^ ^12 4§ 4#(X! % x 2 )4 444^r 41 1 £ 412 4 
§ ^440^ ^ v 2 )^r <4-§-44 <^r44 i>°fl 44\£ 44 4^ e44* 
4tt 44°14. 

<99> >y-7i 7fl2 44^ iL44 44(470)^ #7i <^44 i>44 ^-«B4^ 4^S e 
44 44(x)# 4^3 44 444 PMN(x.t)^: °l-g-4 7^12 44^ 3.44* tF-sHt 4 
4°14. ^y] 44^ 3.44°fl a}-^ 44 ZLEflS^ (Vl x x )4 (v 2 , x 2 )l- 4 

44 tb4. 444, #7l ^12 44^ 3.44^ 44 <^44 4>4 ^^l S^44. 
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<ioo> 4] 



M N 

l=x+(x-X x )(x-X 2 ) S T i c mn x m t n =x+(x-X l )(x-X 2 )P MN (x,t) 

m=0 «=0 



<101> Oc^HH, A}2 J±^ ^cKM, C m>n ^r m,n*> Tfl^^JL, tfe 

^Ei(355)^ ^ ^5L# °1 «fl, <$7) PMN(x.t)^ ^ HME^- ^ 

^7} P MN (x,t)# T^t^fe 3J£r ^ M, N ^ c m>n -i: SE^V, 
c m , n £- M ^ N°l ^*fl^l 4^ 31^1 7i*H ^^B.S., M ^ 

<102> £ 10^ 5L 6^1 £^1=1 ^12 til^^ iL^# J£#S}7l A^Efl-g- q-Ej-iflfe. £ 

(390)^, ^(heat chamber, 620)5+, (630)3. ^=Jt}. 

<103> sfr 7 ] Sf ^-^V ^71(610)^ ^7l #A] ^-^1(390)5. #3 3^ If %*\3L2) I 

f 3^sMl ^ 5^ A oM if ^HJJl-I- M-Hfvfl^ if 4^- 

ZL2fl^c^ cfltt ^i(z)* ^"71 ^Ei (630)3 #3^. 
<104> a o > 7 ] ^-a] ^1(390)^ #7] If f^llf 01 ^ o> o_r^ n^-JfE] ^ 5 

^ ^^-(x)^, #^-fr 4^.^-5)1^. ^(355)^ ^ ^£o)l cfl*}- ^il(t)» 
^"71 ^Ei (630)3. 

<105> # 7 ] *lM ^(620)^ ^71 #A] S^Rr #*1<>H, #7] f 

^ ^r£^ ^"71 3ll«-e1-5ll* ^ (355)^1 ^ ^r£5+ ^l^j^i -§-<H*rtf. 

<106> ^-71 ^^EK630)^ ^3 AlSL ^Bl 7^>H Aj-7] If ^EflSSf 7> 
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<io?> £ ii^. £ ioofl £a]^ 3 #3(630)^ ^5] 43 -i- M-^tfl^ *#£oicf. # 

71 aIJ: cflolE^ ^*h§- ^3*Hr ^7^1(478)^, PfoCx.t)* ##*fe 

^^1(480)^4, 4# hIjh ^.^}(484)^, Ni3t ^ #711(488)4-, ^-§- # 

711(490 5E^ 492)3. ^^^cf. #7l ^11 43 ^3 t(^, t s >t E ) 

tO-^o.^. ^*3^4. 13^, ^7H1 £ N&^r S-^f- IS -S3 3*1 (474), 

^7}&^ <34s -a 3^ ^ $14. 

<108> ^-71 If CflolE-1 ^3*Hr #7ll(478)^r ^ &4 t°fl tfl*M 

4#(x)4, #7l S.^ 4# ZLefl^^Ei <^^^m Sir 4#(z)# 31°^ #o_S <5>^ 
^}o)b] #4 ^ {(x 0 , z 0 ), (xi, zi), (x K , z K )>* €3*Hr ^lolrf. 

°1 nfl, #71 (M*N+1)4 
<109> Aj-71 p MN ( x> t)l- ##*m ^711(480)^ #71 St 3M4 ol-g-§>c^ p M 

(X,t), ^ #71 4 ><HH C m>n -i- ##*}^r #?1H4-. Cm n c. A>*^ 4^^. 

#71 <^«M 3><H] 44^ 4^4 Mto, -H #Afltb -fl^Ms *b4. ## 

3 C m ,n* #71 <^*H1 4><^1 tfl<8SH *fl2 4^ iL^4^ <2^4. 
<110> ^-71 4# ZL2flS «1 J2. #711(484)^ #7l *fl2 4 ^ ^344 444^ ^12 4^ 

^ iL^4 Sj-^V ZLSflS4 ^-71 If 4# 511^1- 4^Rr #444. 
<lll> A o v 7 j N ^ ^ #711 (488) 43 #41"^ E-l M4 &4 ^I3€ N4 

£^17171 4«T #444- S*}-, o^cf N ^ Qrt #^] S ^^Tfl 44 M4 -H34 
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<112> a o v 7 | ^.g. ^ #31(490 492)^ #7l *fll SE^b *fl2 J±3^ 4^ 

^t^Rr a Jr^, *l-g- 7l^ofl -^<s}*l ^cf^ M HL^- m 

1^ ^7>Al?J ^(494 JEb 498) ^1 cHoJe^I ^thfe €^*>^ #7ll (478)S. 

^l^Ml ^4. ^-g- 71^-^ ^7fl^ *fll 5E^r ^12 ^ ZLSflS 

<113> £ 12^ ^o\] tt}--E- ^12 til^^ ^ ZLHfl^Sf ^ e^>€ 2H V ^.SflS^I 

°fl tfl^^i^ H li^^ol V)£.f>\7\} ^^8: ^ o| nfl, #7] ^ ^ 

^ 0°O60°C°H, p^Cx.t)^]^ M ^ N-8- 4^1 nf. 

<iu> ^ 13a^r ^7l( 0 ptical spectrum analyser)!- ^l-g^M 

^ 4^2}-^ #^1JL£] 4^ ^]7l fit M-E^-vfl ZL5flSol^, £ 13b^ £ 13a°fl £ 

^1Jl# *J-E- 4^5)"^ ^^1^^ #*HH ZLEfl 

^r^r ^-ol, £ 13a^l 5.*}$. ^-2flS^r £ 135*11 ^HflS^ nfl-f 

o. A >^ ^ ojtf. Stb, £ 13a^l ^SflHr ±o)^7} 3f^f ^ 

sHS f^llt M-^tflji j£ 13b ofl ^leflS^ ^oi^ 7r ^sl sj-^-f^- 
MS* M-^tflji ^4. 

<H5> £ 14a^ 5. 13a°fl %^1Jl# ^ e*>tr ^4-^1 4# fit M-^ifl 
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ZLEfl^o] j7 ; £ I4b^ £ 13a 5*1^1 f^llt *fll til^i^ il^*} ^^-^ s)-^- «flal 
M-e}^^ ZL2fl5.°H , £ 14 C ^ £ 13a #^!JL-I- ^2 i^tlr 3 



<^ %*\3L2] ±o)^ ^ S.^^- d ^t}7\) ^ 
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1] 

^IJL^l *Hd* #^Rr %t±3L wj-^ofl cflo^, 

^ ^li g *ii2 7i^^-i; #7i 4^^- 4^4^ 4-^4; 

>^7l ^E^S^-E^ ^Jl* ^#^1 4^ ^7) ^afl S\- 

# cfl^ofl ^ *}<£ofl M7] zLefln^ j£#*Hf. -4^-4; 

#7l *fll * *fl2 7}^%2] 7l^-§^ ^ *f|2 7l$ Sj-^, ^7] ^1 ^ *fl2 71 

§ sh^j-ofl *u ^ ^12 71^ ^#<y-o.j^LEi ^ ^ e^m 4 

A oM ^4 Sl-^ ^7l e^>€ 4^ #^^1# i^>7l 7^ 

€ H^^Hl ^ #<iMr tfl«a*M S^^g- Ht^Hr ^-g- i^- 

f-* *m 4^5}"^ ^JL^l «o^. 

2] 

^"71 5-A>^ S}-^ Sl-71 <^^A1 5>o11 o}^ ^^^^r S-^^-S *}±r 2^ 

^ JL^l #*1 «o V ^ . 
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[^*Hf 5] 

V 1 *2 

(x : e^>€ 2)-^-, Xi : #71 afll 7)§ sH£, Vi : #7l 7l§ 

X 2 : ^-71 *fl2 7]§ spg-, V 2 : #7l *J2 7l§ v : #7) x ofl ^£ ^ # 



3] 

Af 

(y : iL^€ sj-^, x : ^% X x : #7l *fll 7]§ spg", X 2 : 

^-7] *fl2 71$ 5}-^-, M : a m : m*} Tfl^) 



[3^8" 4] 
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[^T 1 * 5] 

sl-^-g-t- ^J:^ ^R3# ^3*Hr H o Vl ?Hl $a<^i, 

*fll ^ *fl2 7l§^-* #7l 3}-^^- %*\3L2\- ^^Rr 

9l?}& ^ 31 SHI ^ ^ ^4 4-#°l £*Rr €£H1 #7l t^lSf <y 

# tflsH ^ €°*H1 ^ «l7i ziEflsi- si#*Rr *H34; 

#7l ^ ^2 71 ^^-#2] 7]^^^ * *fl2 71^ S}-^, #71 *fll ^ *)l2 

7l^ Sj-^-o^l ^1 ^ 71^ ^^<a-O.S.-^-Bl ^ ^^-ofl tcj-s ^ 

•#7l ^E^ 2)-^ ^-X]^ 
^7) ^E^ ^jzj. Aj- 7 j *|tg eA >^ 2)-^ ^S}7] 7)^ 

#-§- 5L#*Rr ^* ^f-^"* ^ ^-Al Wj-rt 



1020010023695 

#71 ^El^ 
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6] 

7] 

12 

(x : Xi : #71 ^11 7l§ Vi : #7l *fll 7^ ^g-^Sh 

X 2 : ^7] *fl2 7l§ V 2 : -SM *fl2 7l§ ^g^^, v : 4>7l X <H1 ^ # 

•a-) 



(A: J±33 x : 4^, Xi : ^7] afli 7]^ 5}-^-, X 2 : 

^"71 A)2 7l§ spg-, M : N : <a^Sl C|n>n : m,nx} al^*§ t 
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8] 

^-71 ^ o. 3)1 ^-511^ ^E^g^. m^jo S ^ %X\ 

9] 

J^Kg-lg- Cf#3^ ^Aljro} s.^^- ^<5}^ #AlJr ofl OjO^ , 

-MM* M-Eflfl^ 5j-^> iSjl^ ^1-71 ^liL^ 

^S^] 3*l*Rr *fli ^ ^12 71^^-4 ^ 0 V 7 ] Sp 0 Kg-§ t^sj.^ ^Jit ^*Kr ^ 
714; 

^•71 %^^-71^.^-E^ #1^ #<>IH ^ #<^H1 4^ i 
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#7l #3L ^ £5. #*1 #Jl«- <a^^cl #7l €^ ^ #S 

«• #^>J1, #71 ^11 £ A}2 7}^%9] 71^^^ ^11 ^ *j|2 71^ X)l ^ 

^12 7l§ sj-^Hl £ *j) 2 71 § ^^<y-o.S^-B^ ^ 14s. ^ eA> 

€ s|-#* h#*h, #71 ^-4 sj-#4 ^-71 e4€ 1-^*1* Ji# 

*>7l fl«fl 71^^ Hl#*§ S|-# Ji^^ofl ^ ^ #71 ^E^ ^ Cfl<y 

«H «l-5i3 iL^^i £#*>^ ^H^S *}^r 2}-#^ 

€ #*1. 



[^^8" 10] 

*fl9%Ml 5a°H. 

#71 e^V^l 3j-#^ S>7l <^«H 9>ofl Sl«fl ^^^-g: i^J^L ^ S(-# 

^ ^^21 #*1 ^ . 

9] 

*1 K 2 

(x : ^ e4« 4#, Xi : #71 yefti 7]& 4#, Vi : #7l afll 7)& 
X 2 : #71 ^12 7]& 5l-#, V 2 : #7l *fl2 7l§ v : #7l x°fl ^ # 



39-29 



1020010023695 2001/6/ 
HI 

^7} *) A d^ 5L^^ *>7l <^+] 10>AS. M-Ef^^- f^O S ^ S^-g-^ 

Af TV 

(A: J±33 x : 54^ ^Plh Xi : -SM *fll 7l§ sj-^-, x 2 : 

*|)2 7l§ M : <y^^l 3*r, N : Cm>n : m,nS> Hl#<§ 31^, t 

: #7] x°fl ^ #<SH1 #71 ^ ^ ^) 

[3^8" 121 
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IS. 2] 
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[S. 3] 
301 



302 



310 





320 



390 . 



344 348 

\ / 



350 
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324 330 335 
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60 
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410. 



434 



«|1 B|fl« 



438 
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470. 




*i|2 b|*!^ fi^*! 
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[5L 5] 











&^(h) 




|¥a|0]|E& 



&^(g) 



(414) 



H 



I 



(418) 



(424) 



(420) 
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H* 



|Hr+q/2 



I 



04=E|01 
(428) 



[£L 61 




9 [nm] 
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[£ 7] 



510 



z 



390 

z. 



520 



J 



[5L 8] 
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[51 9] 



M=32! H 
M=4£i X\ 
M=52! 



1 b 
1 b 
1 b 




[51 10] 



610 




630 



I 
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IS 11] 



494 




< ai Ei y * 
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[£L 12] 



[nm] 




x [nm] 



1570 □ 



t [a.u.] 



[-£ 13a] 

mm 

[dBm] 

-10 




1530 1535 1540 1545 1550 1555 1560 



u\ S [nm] 
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[£. 13b] 
[dBm] 




1530 153S 1540 1545 1550 1555 1560 



[S. 14a] 

120 



u\ S [nm] 




-1 48 -C.S -0.4 02 0 0.2 0.4 
OflEl [nm] 
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IS. 14c] 

250. 1 1 




Sftt OflEI [nm] 
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